Neurological Surgeons (AANS/CNS) Joint Section on Disorders of the Spine and Peripheral Nerves. These guidelines give a Class I recommendation for low-molecular-weight heparin (LMWH) use for VTE prophylaxis and a Class II recommendation for starting within 72 hours of injury. 3 Transforming Research and Clinical Knowledge in SCIs (TRACK SCI) is a prospective observational study based at the University of California, San Francisco. It introduced a standardized SCI treatment protocol and prospective data collection. The trauma protocol includes administration of LMWH (enoxaparin) within 24 hours of injury. The aim of the present study is to review the TRACK SCI data and determine if there is a reduction in VTE over established rates, as well as to evaluate the safety of early LMWH administration through assessment of adverse hemorrhagic events.
Methods
The TRACK SCI is a prospective observational study conducted by the UCSF Brain and Spinal Injury Center. This study recruited patients at Zuckerberg San Francisco General Hospital's Level I Trauma Center. Institutional review board approval was obtained at this site for all study procedures.
Patients were enrolled from May 2015 through March 2017. All English-speaking and non-English-speaking patients who presented to the emergency department and who were diagnosed with a traumatic SCI, whether blunt or penetrating, were initially eligible for the study. Patients who were younger than 18 years, in custody, prisoners, pregnant, or on medically evaluated psychiatric hold were excluded from the study. Informed consent was obtained for all patients.
The standard protocol for these patients involves initiating chemical DVT prophylaxis with LMWH (40 mg subcutaneous enoxaparin administered daily) within 24 hours of injury. Patients with SCI who undergo operation are taken for surgery within 24 hours of injury, and LMWH is withheld for 24 hours after surgery. Due to the nature of referral patterns in San Francisco, Zuckerberg San Francisco General Hospital does not receive trauma patients transferred from other institutions.
Data from the TRACK SCI database were reviewed. The DVT and PE rates were recorded along with any hemorrhagic complications. Patients did not undergo routine screening. Duplex ultrasound was performed if there was clinical suspicion for DVT or PE, and PE was confirmed with CT angiography. Multivariate regression modeling was performed using IBM SPSS (IBM Corp.).
Results
Of the 49 patients enrolled, 32 (65.3%) were male. The average age was 53.5 years, with a range of 18-49 years. The largest group of patients was Caucasian (38.8%, n = 19); followed by Asian (24.5%, n = 12); African American (18.4%, n = 9); and Hispanic (16.3%, n = 8), with only 1 patient who was "other" or declined to state (2%). The mean time from injury to emergency department arrival averaged 17 minutes. Complete SCIs were present in 9 patients (18.4%), and 40 (81.6%) underwent a spinal surgery. Seven patients (14.3%) had additional nonneurosurgical injuries. The average ICU stay was 8.6 days, and the average hospital length of stay was 15.9 days. Discharge dispositions were rehabilitation (36.7%, n = 18); nursing facility (20.4%, n = 10); home (14.3%, n = 7); and another acute care facility (20.4%, n = 10). A total of 4 patients (8.2%) died during their hospital stay. Of those who survived, only 1 patient had a neurological decline from presentation, which was later attributed to a cerebrovascular accident. See Table 1 for a summary of results.
There were 3 DVTs (6.1%), 2 PEs (4.1%), and no hemorrhagic complications (Table 2 ). Regression modeling did not find an association between DVT or PE and age, American Spinal Injury Association grade, sex, race, or having undergone a neurosurgical procedure (p > 0.05 for all variables).
Discussion
The existing literature does not provide clear data on when to start chemical DVT prophylaxis, and there is a great deal of caution among spine surgeons about the potential for hemorrhagic complications. In the current published literature, there is only 1 study that specifically examines the timing of chemical DVT prophylaxis. A prospective trial by Aito et al. compared patients presenting with acute SCI who received LMWH on hospital admission to their rehabilitation center. The admission window was between 72 hours of injury or after 8 days. Within the 72-hour cohort, 2% of patients developed a DVT on routine ultrasonography versus 26% of patients in the other cohort.
1 There were no adverse bleeding events in either group.
Other studies have specified time to chemical DVT prophylaxis, but have not directly compared differing times. A randomized controlled trial by the SCI investigators compared subcutaneous heparin to LMWH administered within 72 hours of SCI. They found a DVT rate of 63.3% in the subcutaneous heparin group versus 65.5% with LMWH, and a PE rate of 18.4% versus 5.2% for subcutaneous heparin versus LMWH, respectively. 12 A retrospective review by Harris et al. looked at LMWH started at admission after SCI. Not all of the patients in their group underwent surgery within 24 hours of injury, so for them the LMWH was started on admission, withheld 24 hours prior to the operation, and then restarted 24 hours after. There was no evidence of DVT; however, there were 3 episodes of bleeding complications that were attributed to the therapy. 9 The recommended range of time to wait before starting chemical DVT prophylaxis varies widely. Ploumis et al. recommend starting LMWH within 2 weeks, 14 whereas Christie et al. recommend 72 hours. 2 The AANS/CNS Joint Section on Trauma and Neurocritical Care suggests starting LMWH for DVT prophylaxis within 72 hours. 3 There is, similarly, a wide variation of DVT rates in the literature, due to a multitude of prophylaxis and screening methods. For example, Gündüz et al. found a 53.3% DVT rate with subcutaneous heparin prophylaxis and routine venography. 7 A meta-analysis by Furlan and Fehlings found rates from 6% to 50%, and also concluded that routine DVT screening is not recommended. 4 Few studies have examined the adverse bleeding rates after LMWH administration. The SCI investigators looked at 230 patients receiving enoxaparin within 72 hours of SCI. They had a 2.6% rate of major bleeding complications, 14.8% risk of minor bleeding complications, and, as mentioned above, DVT and PE rates of 65.5% and 5.2%, respectively. 12 With our aggressive LMWH administration, the data show a 6.1% DVT and a 4.1% PE rate, with an absence of bleeding events. Although our thromboembolic event rate is higher than in the retrospective study by Harris et al., 9 it is on the lower end of the commonly reported DVT rates in the literature. Our study's main significance comes with the absence of adverse bleeding events. This suggests that LMWH is safe if given within 24 hours of injury, as is done with our standard protocol.
The TRACK SCI is a prospectively collected SCI database. This makes our study unique in that it is based on prospectively collected data with a defined chemical DVT prophylaxis protocol. Although this is a retrospective review of the data, the standardized, prospective nature of the TRACK SCI data collection helps to minimize many of the inherent biases in retrospective chart reviews-notably selection bias. A limitation of this study is the relatively smaller sample size when compared with the retrospective reviews cited here.
Our data reiterate the prospective data found by Aito et al., that early LMWH is safe and can lower DVT rates substantially when given within 72 hours of SCI. 1 The other prospective study, by the SCI investigators, had a similar PE rate to ours; however, their routine DVT screening yielded a much higher DVT rate. 12 Furthermore, our early pilot data suggest that the common concern about hemorrhagic complications from prophylactic doses of enoxaparin may not be as substantial as once believed.
Conclusions
A standardized protocol in which LMWH is given to patients with SCI within 24 hours of injury is effective in keeping VTE at the lower end of the reported range, and is safe, with a zero rate of adverse bleeding events. 
